We review the apparent disparities between different reviews of the effects of mammographic screening on mortality from breast cancer and overdiagnosis. When results of each review are expressed with respect to a common population and a common baseline, all find a substantial mortality benefit and variation among estimates is minor. There are genuine disagreements about overdiagnosis, but methods that take account of lead time and underlying incidence trends yield estimates of overdiagnosis that are modest and are outweighed by the mortality benefit. There is potential for individualized screening regimens, particularly with respect to breast density. Mammographic screening prevents deaths from breast cancer and can be recommended.
In this paper, we give our perspective on recent debates about breast cancer screening, based on our own experience and knowledge of the research literature. It is generally accepted that screening with mammography prevents deaths from breast cancer, although debate continues about the absolute size of the mortality benefit conferred and the concomitant risks associated with screening [1] [2] [3] . Among these risks, the most highly publicized in recent years is over diagnosis, defined as the diagnosis by screening of cancer that would not have been diagnosed in the patient's lifetime if screening had not taken place [4] . A number of recent observational stud ies have claimed to find low rates of benefit in terms of reducing mortality rates or late stage disease, and high rates of overdiagnosis [5, 6] . These have achieved a high profile in the mass media and stimulated further debate [7, 8] . Other areas of debate include ages at which to begin and end screening, the interaction of screening and contemporaneous changes to therapy, and For reprint orders, please contact: reprints@futuremedicine.com MANAGEMENT PERSPECTIVE Duffy, Chen, Smith, Yen & Tabar the potential for replacing general screening rec ommendations based on age with individually tailored riskbased screening [9] [10] [11] [12] .
While it may be worth revisiting the substan tive arguments on these issues, it would seem more profitable first to establish whether the conflicting claims for reductions in mortality and rates of overdiagnosis represent genuine quantitative and qualitative disagreements or simply stem from different modes of expression of the same results. The recent UK review of mammographic screening correctly reiterated the key methodological point that the esti mated absolute numbers of deaths prevented will depend on the period of observation and the population to which screening is applied, and that estimates of overdiagnosis will dif fer according to the denominator relative to which overdiagnosis is expressed [2] . Therefore, very different numerical estimates are derived depending on whether overdiagnosis is expressed as a population rate, as a proportion of lifetime risk of breast cancer or as a proportion of screen detected cancers. Thus, before identifying which estimates are most likely to be correct, it would be valuable to assess the extent to which they are different ways of expressing the same results.
In this paper, we aim to examine: the mag nitude and source of genuine disagreement over the absolute mortality benefit of breast cancer screening, including the issue of the role for early detection in the epoch of adjuvant systemic therapies; the magnitude and source of genu ine disagreement over the rate of over diagnosis conferred by screening; and the appropriate populations to be offered screening.
The reduction in breast cancer mortality
The randomized trials of mammographic screen ing have been reviewed many times; indeed there have been many more reviews of the trials than trials themselves, and considerable debate on the relative merits of the various reviews. When synthesizing the results of the trials in terms of relative reduction in the risk of dying from breast cancer associated with an invitation to screening, reviewers invariably arrive at an estimated breast cancer mortality reduction in the region of 20% [2, 3, 9, 13] . Some find a slightly lower benefit due to use of particular followup periods or exclu sion of certain studies [9] , others a slightly higher benefit from using only the populationbased trials [13] , but the relative benefit remains close to 20%. One exception is the Nordic Cochrane review, which discards the empirical results in favor of a conjectured mortality reduction of 15% on the basis of the reviewers' judgment of the quality of the trials reviewed [3] .
Despite the similarity in relative benefit esti mates, the absolute reductions in mortality differ widely among reviewers [2, 3, 9, 13, 14] . The absolute benefit is often expressed as number needed to screen to prevent one breast cancer death, by analogy with the number needed to treat often reported in the results of therapeutic trials. It has been argued that the measure is not appropriate to primary or secondary prevention [15] , but it is in widespread use. In the case of mammography screening, it is complicated by the fact that some reviewers report number needed to invite rather than number needed to screen [3, 9] . This is not a useful measure, since the number needed to invite will vary depending on the proportion of invitees who take up the offer of screening, which can be highly variable, and since invita tion of itself does not confer any protection [16] . The number needed to invite will be biased by deaths in nonattenders, to an extent propor tional to the nonattendance rate in the specific invited population. Table 1 shows the absolute benefit figures quoted by the four highest profile recent reviews, which represent the range of estimates of the breast cancer mortality reduction. These are the UK Independent Review, the Nordic Cochrane review, the US Preventive Services Task Force (USPSTF) review and the EUROSCREEN review of mammography service screening in Europe [2, 3, 9, 14] . The first three are reviews of the randomized trials of screening, the fourth, EUROSCREEN, a review of observational esti mates pertaining to service screening in Europe. The estimated number needed to screen/invite to prevent one death from breast cancer ranges from 111 to 2000, almost a 20fold range. The question arises: why is this range so great when the relative benefit estimates only vary by a factor of two to three? The estimated number required varies by age group, whether the intervention described is actual screening or invitation to screening, followup time and other factors.
To assess whether these represent genuine dis agreements or whether the differences are mainly due to such factors as followup time and target population, we converted all four to pertain to the same scenario as used in the UK Indepen dent Review, that is to the effect of screening for 20 years from the age of 50-69 years on breast cancer mortality at age 55-79 years, in a UK population. In this, no recalculation is required for the UK Independent Review.
The Nordic Cochrane review claims a 15% reduction in breast cancer mortality, pertaining to invitation to screening. In the UK, cumu lative mortality from breast cancer over ages 55-79 years with the current screening program is 17 per 1000 [2] . From this, the mortality in the absence of screening would be expected to be 17/0.85 = 20 per 1000. The effect of invi tation would therefore be three breast cancer deaths prevented per 1000 invited. With 77% attendance for screening, the corresponding esti mated effect of being screened is 3/0.77 = 3.89 deaths per 1000 invited, and 1000/3.89 = 257 needed to screen to prevent one breast cancer death. The major reasons for the Cochrane authors' very low estimate of absolute benefit are the restriction of benefit to a tenyear period and the estimation of absolute mortality rates from a selected minority of trials dominated by the age group 40-49 years, which has considerably lower absolute mortality from breast cancer than the typical age range offered screening.
The USPSTF relative risk estimates associ ated with invitation to screening were 0.86 (95% CI: 0.75-0.99) and 0.68 (95% CI: 0.54-0.87) for ages 50-59 and 60-69 years, respectively. Taking an inversevariance weighted average of these in the logarithmic scale gives an overall estimate of 0.81 (95% CI: 0.72-0.92) for ages 50-69 years, similar to the previously described metaanalysis results. As noted above, in the UK, cumulative mortality from breast cancer over ages 55-79 years with the current screen ing program is 17 per 1000 [2] . From the USP STF estimate, we would expect the mortality in the absence of screening to be 17/0.81 = 21 per 1000. Thus, the estimated effect of the policy of offering screening is to prevent four deaths per 1000 women invited. With 77% attendance for screening, this means that 4/0.77 = 5.19 deaths per 1000 screened are estimated to be prevented over the 25year period on the basis of the USP STF results. This translates to 193 needed to screen to prevent one breast cancer death.
The EUROSCREEN estimated reductions in breast cancer mortality associated with screen ing were 38% for the incidencebased mortality studies and 48% for the case-control studies. For the former figure, applying it to the UK rate of 17 per 1000 would give 27.4 deaths per 1000 expected in the absence of screening, such as Percent mortality reductions are based on invitation to screening, not actually attending screening. ‡ Prospective incidence-based mortality studies found the lower reduction, case-control studies the higher.
NNS: Number needed to screen or invite to prevent one breast cancer death; USPSTF: US Preventive Services Task Force.
5.6 deaths prevented per 1000 and 96 needed to screen to prevent one breast cancer death. The same calculations for the case-control estimate would give 64 needed to screen. Table 2 shows the results for all four reviews converted to the UK review scenario. As can be seen, the range of absolute benefits is now only four rather than 20fold. The differences between the estimates from reviews of the ran domized trials is less than 1.5fold. Even the Nordic Cochrane Review estimate is in the same region as the other estimates. Thus, the differences between the reviews with respect to the absolute breast cancer mortality reduction are almost entirely due to expressing the same basic result relative to different denominators, choice of population mortality rates and so on. Thus, the socalled controversy over the benefit of mammography screening as estimated from the trials is largely artificial. When expressed relative to the same denominator, with the same screening and followup periods, and using the same absolute mortality rates, absolute benefit estimates are all of the same order of magnitude (and all indicate a substantial reduction in breast cancer mortality with screening).
Some have raised the question of whether the benefits of screening observed in the randomized trials, which took place largely before 1990, will still be observed in the epoch of systemic adju vant therapies and improved standardization of management of breast cancer generally. That is, do new treatments render early detection unnec essary? In one sense, this might be considered the wrong issue, in that one might argue that since diagnosis precedes treatment, it makes more sense to ask if screening renders some of the therapeu tic developments redundant. However, whether or not advances in therapy have diminished the importance of screening is a fair question, so next we will consider prognosis of breast cancers diag nosed in the modern therapeutic epoch. Figure 3) . Thus, it is clear that improvements in therapy have not rendered early detection redundant. While sur vival of women with nodepositive tumors has improved in the era of adjuvant systemic therapy compared with earlier times, it clearly is still pref erable and therefore a worthy goal to have the cancer diagnosed before it spreads to the lymph nodes. These survival figures themselves do not demonstrate the benefit of screening. That is the role of the randomized trials. Nor do they deny improvements in treatment. They do show, how ever, that even in the current therapeutic envi ronment there is still a substantial benefit of ear lier diagnosis, while the tumor is node negative.
To conclude, the disagreement over the absolute mortality benefit of screening as esti mated from the randomized controlled trials is largely artificial, due mainly to different modes of expression of the same essential results. The question of whether early detection is still rel evant in the current therapeutic environment is a reasonable one, but the answer is clearly yes.
As noted above, in recent years, there have been a number of highprofile publications reporting analyses of published breast cancer mortality and incidence rates, claiming that little or no benefit has accrued from screening [5, 6, 17] . Partly due to the prestige of the journals publishing these reports, these publications have received Table 2 . Estimates of the number needed to screen (not invite) between ages 50 and 69 years, to prevent one breast cancer death at the age of 55-79 years, using the estimates from four major reviews of mammographic screening and the breast cancer mortality rates in the UK population at the age of 55-79 years.
Review NNS Ref.
UK Independent review 180
[2]
Nordic Cochrane review 257
USPSTF 193 [9] EUROSCREEN † 64-96
Prospective incidence-based mortality studies found the higher number, case-control studies the lower. NNS: Number needed to screen or invite to prevent one breast cancer death; USPSTF: US Preventive Services Task Force.
considerable attention from the mass media and from policy makers. However, reviews show that such negative findings constitute a small minor ity of the totality of evidence [18, 19] . For purposes of screening policy and public information, it is this totality of evidence that is important. With respect to the observational studies, they are not all of equal quality, but there is an addi tional issue worth highlighting. Observational studies can be useful for determining how well screening is achieving its aims now, and they may complement the randomized trial results or qualify our interpretation of these. They have been useful in addressing tactical issues in screening, such as the age ranges and screening intervals in cervical screening [20] . What they cannot generally do is outweigh the experimen tal evidence. Consider an example in therapeu tic oncology: randomized trials show that treat ment with rituximab is effective in improving survival in follicular lymphoma [21] . In the UK, male agestandardized mortality rates from lym phoma have increased from approximately four per 100,000 in the 1970s to more than six per 100,000 since 2000 [101] . An assertion that can be concluded from this is that the rituximab treat ment is killing patients, and that the randomized evidence must be wrong, would not be taken seri ously, and less superficial analysis of the statistics would conclude that the increased mortality is largely driven by increased incidence. The logic that the results of randomized trials take pre cedence over ecological findings prevails in the area of therapy. It should also do so in the field of screening and prevention.
Overdiagnosis
In the last decade, some authors have inferred very high rates of overdiagnosis from increasing incidence rates of breast cancer [5, 22, 23] . These estimates have for the most part been derived with no information on which individuals were screened or which cancers were screen detected, which logically is a necessary underpinning of the estimate if overdiagnosis occurs as a result of exposure to screening. To the extent that some overdiagnosis of breast cancer may occur, to be reliable, estimates of overdiagnosis derived from breast cancer incidence rates over time should take account of any longterm underlying trends in incidence taking place independent of screen ing, and of the phenomenon of lead time -that is, the estimate of overdiagnosis should not include cancers detected a few years earlier than they would have been in the absence of screening. It has been pointed out that the most recent and arguably the highest profile publication, that of Bleyer and Welch [5] , fails to take full account of underlying incidence trends [8] , that the publica tion by Kalager et al. [23] fails to fully adjust for lead time [24] and the study of Jørgensen et al. [22] has been criticized on both counts [25] .
Puliti et al. have shown that studies that fail to take full account of lead time and of underlying incidence trends tend to estimate high rates of overdiagnosis of the order of 30-50% [4] . Those that do take account of these phenomena obtain much lower rates, of the order of 10% or less. Taking account of lead time requires either very long followup or use of external estimates of the preclinical detectable period. Correction for underlying incidence trends may involve extrapolation of prescreening trends. Thus, cor rection can never be perfect. However, ignor ing these phenomena results in a higher cost to validity than estimating them. Duffy and Par mar [24] show that lead time alone can generate artificial increases in incidence of the order of 30-50%, and that failure to include data up to 10 years after the age that screening ceases will cause overdiagnosis to be overestimated. This suggests that almost all published estimates of overdiagnosis, including our own, exaggerate the problem of excess incidence attributable to screening [2] [3] [4] [5] 22, 23] . Thus, while it appears that there is genuine disagreement over the extent of overdiagnosis in breast cancer screening the case for high rates of overdiagnosis rests on analyses MANAGEMENT PERSPECTIVE Duffy, Chen, Smith, Yen & Tabar that are biased by lead time, and incidence trends occurring independently of screening. It may be possible to transform reported estimates of over diagnosis to a standard absolute estimate as we have done for the mortality reductions in Table 2 , but this would be a major methodological exercise, and beyond the scope of this paper. The regular publication of overdiagnosis estimates that do not fully adjust for such well known complicating factors such as underlying trends in incidence and lead time is perplex ing. It may be that there is reluctance on the part of peerreviewers and editors to disagree with what might be considered healthy skepti cism. This may be seen in the publication of Jørgensen and colleagues' conclusion from pub lished incidence figures that the UK screening program has caused overdiagnosis of the order of 30-40% [22] . This was published despite a num ber of questionable methodological approaches, including:
Estimation of incidence by eye from a published graph;
Use of linear regression rather than Poisson regression to analyze rate data; Exclusion of the 3 years of highest incidence in the prescreening period, and inclusion of only the year of highest incidence in their postscreening epoch;
Inadequate adjustment for prescreening trends, as evidenced by the 7% excess inci dence observed in the screening epoch in the under50 years age group, which was not exposed to screening; Lack of correction for lead time;
Use of assumptions in the absence of data on incidence and overdiagnosis of ductal carcinoma in situ.
The point of this is to question why these methodological shortcomings were not dealt with at an earlier stage. The conclusions from the discussion above should be twofold. Firstly, that overdiagnosis is quantitatively minor com pared to the breast cancer mortality reduction, as judged by the evidence that takes into account the effects of lead time and underlying incidence trends. Secondly, there is a need for editors and peerreviewers to subject skeptical views on mammography to the same critical scrutiny as favorable findings.
Who should be screened & with what regimen?
In the past, the major point of debate over mam mography screening was whether or not to offer the examination to women aged 40-49 years [26] . Arguments against offering screening to this age group included the lesser relative reduc tion in breast cancer mortality observed in the trials in this age group, the lower incidence at ages 40-49 years compared with women aged 50 years and over, and the comparatively lower efficiency of screening women in this age group due to higher levels of breast density at younger ages [27] . However, mature followup of the randomized trials indicates an unequivo cal breast cancer mortality reduction with the offer of screening in this age group [28] . Further more, in Sweden, at the time of introduction of nationwide mammography screening, the policy makers chose age 40 years as the lower age limit in approximately half of the counties in the country, and 50 in the remaining half. At 16year observation, mortality from breast cancers diagnosed at ages 40-49 years was sig nificantly lower in those counties that offered screening starting from the age of 40 years [10] .
With regards to the lower incidence of breast cancer in women aged 40-49 years, it is worth noting that ovarian cancer screening is under trial in women aged 50-74 years [29] , and inci dence of ovarian cancer in this group is consid erably lower than that of breast cancer at ages 40-49 years [30] . Indeed at considerably more than 100 per 100,000 per year, breast cancer incidence is relatively high in this age group. Furthermore, other measures of disease burden beyond incidence are relevant in the decision to invite an age group to screening. Women who were diagnosed with breast cancer in their 40s account for a significant fraction of premature mortality attributable to death from breast can cer, and a similar fraction of the deaths that occur each year when compared with women aged 50-59 and 60-69 years [31] .
It is true that breast density is higher in younger women [32] , but the mortality reductions already noted [10, 28] indicate that mammography achieves early detection and prevention of breast cancer deaths despite this, and options for sup plemental imaging in the presence of significant breast density are increasing [33, 34] . Thus, there is no particular reason to exclude this age group from a screening program.
The issue of density raises a highly topical issue, that of riskbased or otherwise individu ally tailored screening. In one sense, riskbased screening for breast cancer is already practiced, in that target populations are selected on the basis of two of the strongest risk factors for the disease -age and sex. In addition, many health care providers offer more intensive surveillance to women with a significant family history of breast cancer [35] . It has been suggested that basing eligibility on a combination of polygenic risk and age, and other breast cancer risk fac tors would improve the cost-effectiveness of screening [12, 36] . This would not necessarily be an unqualified benefit. The improved costeffectiveness would be modest and the increased complexity of the eligibility criteria might detract from the performance of the program as a whole. A public health intervention is more likely to be successful if it has a simple and transparent system of eligibility and delivery. In addition, equity issues arise, as the population excluded from screening would not be at negligible risk. While riskbased screening of the kind proposed [12, 36] remains an interesting research issue, it is unlikely to find its way into practice until the risk stratification can identify a population with extremely low risk of breast cancer.
There remains the possibility of individual ized screening regimens. Already, some pro viders offer different screening frequencies depending on age [10] . The Swedish National Board of Health and Welfare recommends mammography screening with a 12-18month interval for women aged 40-54 years and with an 18-24month interval for women aged 55-74 years. There is evidence that mammo graphic density, in addition to being positively associated with risk and negatively associated with screening sensitivity, is also inversely related to the potential lead time [37] . The pos sibility of determining screening frequency on the basis of density has been suggested [38] . However, caution has been urged about such a strategy in view of our limited understanding of the biological mechanisms of the density/risk association [39] . A more direct approach to the issue of density would be to vary the screening technology to obtain sensitivity comparable to that obtained by mammography in nondense breasts, for example offering combined mam mography and tomosonography to women with very dense breast tissue [34] . As digital mammo graphy replaces film, and as our understand ing of the role of breast density improves, such options will become more attractive.
The discussion above does not include at what age to stop screening. Healthcare providers have difficult decisions to make in this area. It may be that the most reasonable strategy is to stop inviting women at a certain age, but permit self referral for screening thereafter, as in the UK program, where women aged over 70 years will be screened if they request it. Also, it should be noted that agespecific and risk factorspecific estimates of overdiagnosis are not available at the moment. This should be a target for future research. MANAGEMENT PERSPECTIVE Duffy, Chen, Smith, Yen & Tabar
Conclusion
The controversy over the effect of mammo graphic screening on breast cancer mortality is largely artificial. When like is compared with like, the estimates from all major reviews of the subject point to a substantial and significant reduction in breast cancer deaths with the offer of screening. There are genuine disagreements about overdiagnosis, but estimation methods that properly take into account the complicat ing factors of lead time and underlying incidence trends yield modest estimates of overdiagnosis.
There are also varying views on the possibilities of individualized screening.
Future perspective
Physicians need to understand and be able to explain: how and why screening has successfully reduced the rate of advanced cancers and breast cancer mortality through early detection; the extent to which this can be accomplished in a modern screening program; and the impact of attending screening regularly compared with not attending. A good grasp of this evidence is the foundation for the physicians' key role in inform ing women about what to expect from screening, and the benefits of attending screening compared with not attending screening. The populationbased randomized controlled trials carried out in the 1970s-1990s tested and confirmed the beneficial effect of early detection and treatment of breast cancer in its early stages on mortality from the disease. Having demon strated the efficacy of intervention early in the natural history of the disease, it is acceptable to infer that any other imaging modality in the screening setting that succeeds in significantly improving the prognostic attributes of breast can cer (tumor size, axillary node status and histologic malignancy grade) will also result in a signifi cant decrease in the advanced breast cancer rate with a subsequent significant decrease in mortal ity. It is important to acknowledge that not all women will benefit equally from mammo graphy screening, and here we particularly are referring to women with significant breast density. MRI of the breasts is already being used in addition to mammography in young women at known or suspected inherited susceptibility to breast cancer due to carrying a mutation on a breast cancer susceptibility gene [40] . MRI, the recently devel oped 3D automated ultrasound for women with dense breasts, and other evolving technologies could be used in the future as either an additional screening method following mammography in women with dense breasts or as independent tools for regular surveillance of highrisk populations. Using improved cancer detection methodology to modify future screening policies will further improve the efficacy of screening.
It is a common misunderstanding that the randomized screening trials tested the impact of screening on mortality from breast cancer. In reality, it was the 'invitation to screening' that was tested in these scientific trials. Distinguish ing the impact of regular attendance at screening, as opposed to being invited, will provide objective and evidencebased information to women about the impact of 'attending screening regularly'.
It is unfortunate that antiscreening reports that receive media attention have exaggerated the magnitude of the potential harms of mam mography screening while simultaneously seri ously underestimating the proven benefits of screening. While it is important to discuss all aspects of screening asymptomatic women, potential harms included, the harms of not attending screening are not commonly discussed. According to a recent study, women not attending screening had significantly larger tumors, worse stage at diagnosis, and worse overall and disease specific survival [41] . This itself does not prove that screening reduces mortality from breast cancer: that was done by the randomized trials. It does, however, illustrate the consequences of being screened and of not being screened in the minority who develop breast cancer.
In conclusion, the oftrepeated statement 'mammography screening is controversial' is misleading, since it fails to distinguish between genuine areas of uncertainty that require further data, evaluation and thoughtful discussion versus those enduring issues that can fairly be described as ideological and characterized by entrenched positions. For the casual observer, it is difficult if not impossible to assess which among the polar positions is most correct. But while some con troversies are genuine, others are not. As noted above, when the various review estimates of absolute benefit are expressed as number needed to screen (not invite) and applied to the same population, the disagreement among estimates is minor. One might describe overdiagnosis as controversial, but it should be borne in mind that the excessively high estimates of overdiagnosis all come from studies that typically do not have individual data on screening exposure, and which do not adequately account for trends in disease Review of outcomes of breast cancer service mammography screening in Europe. 15 incidence and lead time of screening. Among studies that do have individual data and/or take into account the complexities of underlying inci dence trends and lead time, there is a consensus that overdiagnosis lies in the range of 0-10%, and that the benefits of screening in terms of mortality outweigh this side effect [14, 42] .
Mammography screening provides women with an opportunity to reduce their risk of being diagnosed with an advanced breast cancer and of dying from breast cancer [1, 2, 26, 28, 43, 44] . The ran domized controlled trials have demonstrated the efficacy of offering breast cancer screening, and the majority of observational studies of modern service screening have demonstrated population based results as good as or better than those dem onstrated by the randomized trials. The evidence clearly shows that benefits outweigh harms, and taken together, all but one systematic review over three decades has reached this same con clusion. It is important that healthcare profes sionals appreciate that the overwhelming weight of the historical and modern evidence supports the importance of routine breast cancer screening so that they are in a position to provide the best advice to their patients.
